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INTRODUCTION
 Students frequently believe they fully understand 
a topic while it is being covered in class, but 
actually they do not.1 Furthermore, the problems 
surrounding effective learning are compounded 
by the fact that every student is unique and learns 
in different styles. To maximize students learning, 
teachers need to be aware of how the students learn, 
and adjust their teaching strategy to fit the student 
needs.2 
 The notion of “flipped classroom” (FCR) is an 
emerging concept in education which is  gaining 
much popularity.3 The millennial students are quiet 
adaptive in using technology and prefer this mode 
for teaching and learning.4 They are comfortable 
while learning in social situations. Therefore it 
is imperative to seek ideas that utilize e-learning 
technologies as potent promoters for active self-
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ABSTRACT
Objective: In this study we implemented the “flipped classroom” model to enhance active learning in 
medical students taking neurosciences module at Aga Khan University, Karachi. 
Methods: Ninety eight undergraduate medical students participated in this study. The study was conducted 
from January till March 2017. Study material was provided to students in form of video lecture and reading 
material for the non-face to face sitting, while face to face time was spent on activities such as case 
solving, group discussions, and quizzes to consolidate learning under the supervision of faculty. To ensure 
deeper learning, we used pre- and post-class quizzes, work sheets and blog posts for each session. Student 
feedback was recorded via a likert scale survey.  
Results: Eighty four percent students gave positive responses towards utility of flipped classroom in terms 
of being highly interactive, thought provoking and activity lead learning. Seventy five percent of the class 
completed the pre-session preparation. Students reported that their queries and misconceptions were 
cleared in a much better way in the face-to-face session as compared to the traditional setting (4.09 
±1.04).
Conclusion: Flipped classroom(FCR) teaching and learning pedagogy is an effective way of enhancing 
student engagement and active learning. Thus, this pedagogy can be used as an effective tool in medical 
schools.
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directed deeper learning in our education systems.5 
Teachers who use the ‘flip classroom approach’ 
reverse the role of school work and homework; 
they achieve this by either recording their lectures 
or using already available video lectures from 
the internet. Students watch these lectures before 
coming to class. They then in turn get a chance to 
discuss the topic in the classroom in their preferred 
social learning style with the guide of the facilitator.
 Limited data is available on the effectiveness of 
the flipped classroom to determine if students are 
engaged more in a flipped classroom environment, 
especially for medical school demographics.6,7 
Investigating the benefits, shortcomings, student 
perceptions, and later the academic results of this 
teaching method is important to medical education 
on several levels. Through this research project we 
aimed to acquire data to assess the attitudes and 
perception of medical students towards flipped 
classroom at the Aga Khan University.
METHODS
 A group of second year undergraduate medical 
education (UGME) (n=98) students (age 18 to 22 
year) was selected for this research, after obtaining 
their informed consent and ethical clearance from 
the institutional review board (4667-BBS-ERC-17). 
Six sessions of Year-II-UGME-Neurosciences mod-
ule were allotted to be “flipped” during January till 
March 2017. The pre-session instructions and ma-
terials that consisted of video lectures were shared 
with the students via One 45 server at Aga Khan 
University (AKU). These pre-session lectures in-
volved presenting information with visual graphics 
and real-life examples of the concepts being stud-
ied. In addition to video lectures, the students were 
also given specific reading materials pertinent to 
the concept being taught. Students in the flipped 
class were encouraged to complete the assigned 
tasks before coming to class. As it was difficult to 
track which students completed the pre-session 
tasks on time, they were asked to take a quiz or 
complete assigned homework and post it on an 
online server called Padlet. The two primary pur-
poses of this were to more accurately record which 
students had completed the pre-session prepara-
tion prior to class, and to help motivate students to 
come prepared to the class. This pre-session activity 
was followed by a face-to-face in-class discussion 
with the facilitator present to help and address stu-
dents’ queries. Students were given cases and re-
lated questions to solve either as individuals or in 
groups. Some group activities were also planned to 
enhance peer learning. We also implemented form-
ative assessment to enhance active learning and 
motivate student engagement by using freely avail-
able software called ‘Kahoot’. At the end of the ses-
sions a Likert scale survey was used to capture their 
perceptions of the learning experience. The survey 
was previously used and validated in a study.8
 The data was analyzed in SPSS version 21(IBM, 
Chicago, IL, USA.). Frequencies were calculated 
and presented as percentages via graphical 
representation. Moreover, the mean score and 
standard deviation was calculated in order to identify 
positive and negative responses.  Cronbach’s alpha 
was computed to measure consistency within the 
responses of students and the cut-off of 0.70 was set 
to declare good reliability. The following five-point 
scale was used: a score of 1 was a strong negative 
association towards the question, a 3 was neutral, 
and a 5 was a strong positive association towards 
the question. An open-ended question was also 
given at the end of questionnaire to get qualitative 
responses from the students’ about their experience 
of using FCR.
RESULTS
 A total of ninety eight students participated 
in the survey with a male: female ratio of 68:30. 
Classification of the survey questions and their 
mean scores are shown below and frequencies 
in Fig.1 (A-D). The analysis of student responses 
for the open ended questions in flipped classes is 
shown in Table-I.
Students perception of pre-session instructions/
preparation: The minimum score was obtained 
for the item “I often paused the videos when 
watching them in order to process the content” 
(2.45 ± 1.13) while highest score recorded was for 
“The instructions provided for the non-face-to-
face sessions were clear” (4.92 ± 0.67). Forty five 
% students were keener on watching the videos 
over completing reading tasks, and 75% of the class 
completed the preparation before coming to the 
assigned FCR session.
Student’s perception towards active learning and 
engagement: The maximum score of 4.83±0.75 was 
for the item “I actively participated in learning 
activities during FCR session”. This was evident 
by students’ engagement in activities as well as 
the enthusiasm shown by them towards formative 
assessment during the session (77%), though 8% 
students felt that these formative assessments were 
over whelming and demanded more time to be 
spent out of class by them. 
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Table-I: Student Comments for the efficacy of Flipped Class Strategy.
Themes Student Comments
Content Delivery 
“The facilitators made sure to cover all concepts in simple terms and made too difficult 
concept easy to understand”
Video and Reading material
“Videos sometimes take a while to process, harder to take mental notes”
“The studying bit before the class requires a little extra effort before the lecture”
“Reading material should not be a preferred choice”
“Funny learning video content made learning fun”
Session Scheduling “Timing (8.30 am) was a little early for me to come prepared”
Unmotivated Students “Some students did not come prepared, for the first session; but picked up the pace in 
later sessions”
Interaction driven learning
“I liked the concept of flipped classroom. It told us more about what we can expect 
from the class”
“The fact that prior knowledge enabled interaction”
Formative assessment 
   for learning
“Kahoot Qs related to pre-reading material i.e. formative assessment was the best part”
“Quiz helped consolidate the concepts”
Some of the most common and unique comments of students regarding FCR are presented here.
Students were in general happy with the FCR strategy and they also provided suggestions to improve future sessions.
Fig.1 (A–D): Response to survey questions broadly classified into four domains.
A) The replies of student regarding pre-session preparation are presented as percentages. Their responses regarding their 
studying strategy and clarity of instruction were noted. B) The overall feelings of students during the class session are 
presented. C) The feelings of the students regarding the FCR upon completion are presented. The students were very happy 
with the FCR sessions overall. D) Students’ opinion regarding the utility of FCR for future session is presented. Students 
were impressed with this mode of teaching and believed that it could be applied to more than particular topics only.
[Epub ahead of print]
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Perception towards student-teacher interaction: A 
neutral but positive opinion was received regarding 
the student-teacher interaction domain of FCR 
from our students (3.63± 0.30) yet they felt that 
their queries and misconceptions were cleared in a 
much better way when compared to the traditional 
setting (4.09 ±1.04).
Utility of flipped classroom: The FCR model 
received high recognition and 84% of the students’ 
responded that it should be used more often and 
across the teaching years. Similarly, 87% said that 
they learned much better in FCR as compared to 
their regular classes.
DISCUSSION
 The results of our study show an overwhelming 
support for FCR as an effective mode to teach 
neuroscience. It was declared as better than the 
routine traditional lectures. Students believed that 
FCR was more engaging and fun and that this mode 
of teaching kept the classroom ‘alive’! These feelings 
were further reflected in the students’ agreeing that 
the FCR was a better learning experience and it 
should be routinely used for a diverse set of topics 
in medical curriculum. Flipped classroom teaching 
was found to be an effective method that improved 
medical students’ interest in learning and their self-
learning abilities.9 Similarly, this model was preferred 
by  participants’ of a flipped continued medical 
education (CME) classroom.10 As for the pre-session 
material provided the students suggested that they 
were more comfortable and preferred watching 
video lectures for non-face to face preparation rather 
than reading. This may be attributed to the fact 
that video lectures provide flexibility in learning 
and a chance to review and repeat the sessions.11 
A vast majority felt that pre-class material given 
for preparation enhanced their lateral thinking and 
provided a better correlation between knowledge 
and application of the concept taught.  
 Furthermore, it’s commonly observed that 
students are easily distracted in classrooms, and 
the common culprit is either cell phones or laptops. 
To minimize student distraction, we implemented 
the use of freely available software called ‘Kahoot’ 
during FCR. This motivated the students to use 
these very same devices for enhanced active 
learning and motivated engagement, rather than 
distracting activities.  Seventy seven percent of 
the class reported that they appreciated the use of 
formative assessments during the sessions. They 
commented that they were able to identify concepts 
that required further clarification. 
 Student’s learning atmosphere is a blend of 
physical, social, and psychological components. 
Implementing techniques that boost the learning 
environment in class room teaching enables 
progressive understanding of the topic especially 
in UGME setting.12 Similar to our findings, a study 
conducted at Ripah University, Pakistan using a 
similar pedagogy to teach third year MBBS student 
during clinical rotation, reported that students 
found FCR as a better mode of teaching in their 
setup as well.7 Although we are at an early stage 
of developing and adapting FCR, we are excited 
by the fact that our results are promising and we 
have the potential of progressing this approach 
to other features apart from teaching students, 
including evolving the healthcare system as done 
by other institutes.13,14 In addition, a research 
comparing the different modes of teaching reports 
that incorporating problem based learning, video 
lectures and other techniques proved to be an 
effective way of teaching theory and clinical skills 
in medical education.15,16 Most significantly, active 
learning experiences during the teaching learning 
sessions were highly preferred by our students, 
yet they shared their concerns regarding the under 
utility of this pedagogy in medical curriculum, 
that might help them in not only becoming active 
learners but attain optimal grades.
 The FCR pedagogy was also found useful 
in teaching sensitive topics such as childhood 
disabilities and special education to undergraduate 
medical students17, for teaching specialized topics 
such as glaucoma and ocular trauma18, complex and 
multiple patient comorbidities in nursing practice19, 
20, in learning electrocardiogram9, histology among 
medical students21 and even more so provides times 
to think critically.22
 The facilitators of this study feel that one 
challenging aspect of the flipped classroom 
is providing ample material to students and 
generating thought provoking scenarios for the 
in-class sessions. Most instructors have limited 
experience creating or identifying the content and 
may fear the change might not be accepted in their 
setting or environment. However, capacity building 
through training sessions can cater for this issue. 
CONCLUSION
 The findings of the study suggest that FCR 
teaching and learning pedagogy is an effective way 
of enhancing student engagement and learning. 
Thus, the newer educational technology can be 
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an effective tool of teaching and learning in this 
rapidly changing technological world and be part 
of a comprehensive system for lifelong education.
ACKNOWLEDGMENT
 The authors would like to acknowledge 
Department of Biological and Biomedical 
Sciences and Curriculum Committee, Aga Khan 
University for their support towards implementing 
this technique. We would also like to thank our 
administration staff for all the help.
Declaration of interest: The authors declare that 
they have no conflict of interest.
Funding: None
REFERENCES
1 Ramsden P. Learning to teach in higher education (2nd 
Edition), Routledge Falmer,      Abingdon, Oxon, United 
Kingdom. 2003:pp 1-271.
2. Smith M, Rogers J. Understanding nursing students’ 
perspectives on the grading of group work assessments. 
Nurse Educ Pract. 2014;14(2):112-116. doi:10.1016/j.
nepr.2013.07.012.
3. Bill T. The Flipped Classroom: Online Instruction at Home 
Frees Class Time for Learning. Educ Next. 2012;12(1):82-83.
4. Wood SL. Technology for teaching and learning: Moodle as 
a tool for higher education. Int J Teach Learn Higher Educ. 
2010;22(3):299-307.
5. Shroff RH, Vogel DR. Assessing the factors deemed 
to support individual student intrinsic motivation in 
technology supported online and face-to-face discussions 
2009 [Cited 8]. 59-85]. Available from: http://repository.lib.
eduhk.hk/jspui/handle/2260.2/498   Retrieved August 18, 
2017 from https://www.learntechlib.org/p/111391/.
6. Memon S, Goswami P, Iqbal AI, Baloch S. Second year 
MBBS students veiw about flipped classroom practise in 
neuroanatomy course. J Postgrad Med Inst. 2016;30(3).
7. Zafar A. Flipped Class-Making that One Hour Effective in 
a Resource Constrained Setting. J Coll Physicians Surg Pak. 
2016;26(9):795-797.
8. Arano-Ocuaman J. Differences in student knowledge and 
perception of learning experiences among non-traditional 
students in blended and face-to-face classroom delivery. 
University of Missouri - Saint Louis,: ProQuest Dissertations 
& Theses Global; Social Science Premium Collection. 
(821438553); 2010.
9. Rui Z, Lian-rui X, Rong-zheng Y, Jing Z, Xue-hong W, Chuan 
Z. Friend or Foe? Flipped Classroom for Undergraduate 
Electrocardiogram Learning: A Randomized Controlled 
Study. BMC Med Educ. 2017;17(1):53. doi:10.1186/s12909-
017-0881-8.
10. Stephenson CR, Wang AT, Szostek JH, Bonnes SL, Ratelle 
JT, Mahapatra S, et al. Flipping the Continuing Medical 
Education Classroom: Validating a Measure of Attendees’ 
Perceptions. J Continuing Educ Health Prof. 2016;36(4):256-
262. doi: 10.1097/CEH.0000000000000113.
11. Mahmood A, Khatoon F, Ali M, Ejaz S, Afzal K, Qureshi 
MA. Perception and Preferences of undergraduate medical 
students regarding the use of contemporary teaching aids 
at Dow international medical college, Karachi. J Dow Uni 
Health Sci. 2011;5(1):35-36.
12. Dunham L, Dekhtyar M, Gruener G, CichoskiKelly E, 
Deitz J, Elliott D, et al. Medical Student Perceptions of 
the Learning Environment in Medical School Change as 
Students Transition to Clinical Training in Undergraduate 
Medical School. Teach Learn Med. 2017;0(0):1-9. doi:10.1080
/10401334.2017.1297712.
13. Mate KS, Salinas G, editors. Flipping primary health care: A 
personal story. Healthcare. 2014: Elsevier.
14. Park SE, Howell TH. Implementation of a flipped classroom 
educational model in a predoctoral dental course. J Dent 
Educ. 2015;79(5):563-570.
15. Papanna K, Kulkarni V, Tanvi D, Lakshmi V, Kriti L, 
Unnikrishnan B, et al. Perceptions and preferences of 
medical students regarding teaching methods in a Medical 
College, Mangalore India. Afr Health Sci. 2013;13(3):808-
813. doi: 10.4314/ahs.v13i3.41.
16. Muttappallymyalil J, Mendis S, John LJ, Shanthakumari 
N, Sreedharan J, Shaikh RB. Evolution of technology in 
teaching: Blackboard and beyond in Medical Education. 
Nepal J Epidemiol. 2016;6(3):588-592. doi 10.3126/nje.
v6i3.15870.
17. Sheppard ME, Vitalone-Raccaro N, Kaari J, Ajumobi TT. 
Using a flipped classroom and the perspective of families 
to teach medical students about children with disabilities 
and special education. Disability Health J. 2017;pii
:S1936-6574((17)):30054-7. doi: 10.1016/j.dhjo.2017.03.012.
18. Lin Y, Zhu Y, Chen C, Wang W, Chen T, Li T, et al. Facing the 
challenges in ophthalmology clerkship teaching: Is flipped 
classroom the answer? PloS One. 2017;12(4):e0174829. 
doi:10.1371/journal.pone.0174829.
19. Njie-Carr VP, Ludeman E, Lee MC, Dordunoo D, Trocky 
NM, Jenkins LS. An Integrative Review of Flipped 
Classroom Teaching Models in Nursing Education. J Prof 
Nurs. 2016;33(2):133-144. doi:10.1016/j.profnurs.2016.07.001
20. Smith CE. The flipped classroom: Benefits of student-
led learning. Nursing. 2017;47(4):20-22. doi: 10.1097/01.
NURSE.0000513620.19174.90.
21. Cheng X, Ka Ho Lee K, Chang EY, Yang X. The “flipped 
classroom” approach: Stimulating positive learning 
attitudes and improving mastery of histology among 
medical students. Anat Sci Educ. 2016;10(4):317-327. doi: 
10.1002/ase.1664.
22. DeRuisseau LR. The flipped classroom allows for more 
class time devoted to critical thinking. Adv Physiol Educ. 
2016;40(4):522-528. doi: 10.1152/advan.00033.2016.
Author`s Contribution:
SSF, FA and SAE was involved in planning, 
implementation and delivery of the flipped 
classroom session.
All authors contributed equally and have approved 
this version for submission and publication.
